Introduction: Diabetes Mellitus (DM) is a multifactorial metabolic disorder. As considered a public health problem needing additional treatment options. Objective: This prospective study aimed at evaluating pulmonary function through spirometry, before and after metabolic surgery without gastric resection in type 2 DM patients. Methods: Sample was composed by 17 type 2 DM females. They were analyzed in pre (24 hours before surgical procedure), immediate post-operative period POST1 (24 hours after surgical procedure) and in the late postoperative period POST2 (two years after surgical procedure). Besides statistical analysis, it was evaluated the following spirometric parameters: forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) and the FEV1 / FVC ratio (%). Results: Spirometric parameters showed a value increase when compared PRE and POS2 values, except for FVC and FEV1, which was not statistically significant. Conclusion: Type 2 DM women submitted to metabolic surgery without gastric resection showed spirometric value
Introduction
Diabetes Mellitus (DM) is a multifactorial metabolic disorder characterized by chronic hyperglycemia due to secretion and / or action insulin defects, resulting in insulin resistance. High plasma glucose concentrations lead to chronic degeneration development associated to organ failure, especially eyes, kidneys, heart, nerves and blood vessels [1] . DM is considered a public health problem, mainly due to chronic complications, which often presenting a disabling character, by reducing quality of life and requiring expensive treatment of the health system [2 -4] .
At present, the world diabetic population is estimated to be about 387 million and can reach 471 million in 2035. Diabetic number is increasing due to population growth and aging, increased urbanization, the progressive obesity prevalence and sedentary lifestyle, as well as the greater DM patient survival being a prevalent disease in females [5 -7] .
There are several treatment options including a multidisciplinary clinical approach designed to promote weight loss, pharmacological therapies, and bariatric and metabolic surgical techniques [8, 9] . The ileal transposition involves the segment removal of the distal ileum and its insertion into the proximal small intestine, a procedure that promoting early satiety and exerting benefits on glucose metabolism and weight loss. These effects probably can be attributed to incretins stimulation such as glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), increasing insulin sensitivity in the short-and medium-term, allowing clinical type 2 DM patient control without the need for insulin or oral hypoglycemic agents [10 -13] .
This study aimed at evaluating pulmonary function through spirometry, by the following parameters: forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) and the FEV1 / FVC ratio (%) before and after metabolic surgery without gastric resection in type 2 DM patients. Exclusion criteria were: severe cardiopathy, neurological or cognitive deficits that made spirometry impossible, systemic diseases and respiratory infections and/or symptomatic allergic sinus disease, smokers or chronic obstructive pulmonary disease (COPD) patients, previous bronchial asthma diagnosis, pleuropulmonary abnormalities, thoracic deformities, liver cirrhosis suspicion or evidence, coagulopathy (platelet count below 50,000/ul), double medication in platelet antagonists (acetylsalicylic acid and clopidogrel), acute pancreatitis and jaundice, elevated surgical risk according to American Society of Anesthesiology (ASA) (ASA III and IV) (1963), and presented type 2 DM more than 10 years ago.
Methods
All patients were submitted to jejunal duodenal exclusion surgery with ileal segment interposition without gastric resection, which is constituted by an ileal segment interposition (approximately 100 cm), which is transposed and anastomosed in the duodenum 2 cm from the pylorus and in the jejunum at 70 cm from the Treitz angle, thus excluding 100 cm from the duodeno-jejunal segment.
Patients were analyzed in pre (24 hours before surgical procedure), immediate post-operative period POST1 (24 hours after surgical procedure) and in the late postoperative period POST2 (two years after surgical procedure).
Pulmonary Function Evaluation
Spirometry was performed by a specialized professional, in the Pulmonary Function Laboratory of Pulmonology discipline at UFTM. A computerized spirometer (Master Screen PFT Jaeger) was used, and the examination was performed according to American Thoracic Society (ATS). The patients were instructed to remain in a comfortable, sitting position for 5 to 10 minutes before the test, and at the test time, they were instructed to keep their heads in a neutral and stable position. The procedure was explained and demonstrated, asking patients to inhale as deeply as possible and exhaled quickly into spirometer mouthpiece, thus preventing air leakage around the spirometer. The examination was performed three times at five-minute rest intervals, and the best values were noted for analyzing.
Pulmonary function evaluation through spirometry is one of the preoperative procedures often performed by UFTM patients Digestive Surgery Department, pulmonary functional alteration identification and quantification.
In this study, spirometry was performed in three different moments: 1) Pre-Operative (PRE), 24 hours before surgical procedure, 2) Post-Operative Immediate (POS1), 24 hours after surgical procedure 3) Late Post-Operative, 2 years after surgical procedure.
The evaluated parameters were: forced vital capacity (FVC) and forced expiratory volume in the first second (FEV1) and the FEV1 / FVC ratio (%). The values obtained were expressed in liters / second and % predicted. 
Statistical analysis
Kolmogorov-Smirnov test was used to determine if the data were normally distributed. Parametric data were compared by Student's t-test and nonparametric data by the Wilcoxon test. Correlations were evaluated using the Pearson and Spearman correlation coefficients. Differences were considered significant when p < 0.05. Statistical analysis was performed using the Microsoft Excel 2010, GraphPad Prism 5.0 and SPSS 16.0 programs. 
Results

Discussion
Abdomen surgical procedure, due to surgical trauma and anesthetic procedure, leads to pathophysiological in respiratory system changes. The following changes may be mentioned: pulmonary volumes and capacities reduction; respiratory muscle strength decreased; ventilation/perfusion ratio alteration, leading to pulmonary shunt elevation and ineffectiveness in defense mechanisms such as cough and immune system depression [14, 15] .
Postoperative pulmonary function compromise in laparoscopic surgery is lower than in conventional surgery, suggesting a lower predisposition of these patients to the complication development [16] . But, laparoscopy can produce small changes, but they have pulmonary function impact [17] .
Spirometry is a widely used pulmonary function test and describing obstruction effects or pulmonary function restriction. It plays a significant role in the early pulmonary damage diagnosis and its associated structures [18] .
Pulmonary function may provide useful measures for systemic microangiopathy progression in diabetic patients. The basic concepts of normal pulmonary physiology that are involved in the pulmonary function test (spirometry) include mechanics (pulmonary tidal volume), ventilation-perfusion interrelation, diffusion and gas exchange, as well as respiratory muscle strength [19] .
Pulmonary capacity reduction has been reported among diabetics. Diabetic patients showed impaired pulmonary function independent of smoking. This reduced pulmonary function is likely to be a chronic DM complication [20 -22] .
In a study with 283 subjects (144 = diabetic, 139 = non-diabetic), only FVC and FEV1 showed differences between groups because both variables were significantly lower in DM patients. The remaining spirometric variables did not present significant differences between the groups. Pulmonary function fall intensity with advancing age was similar between diabetic and non-diabetic subjects, with similar reductions in both groups [23] .
We did not find studies that evaluated pulmonary function before and after metabolic surgery. Spirometric parameters analyzed in this study showed an increase in their values when PRE and POS2 values were compared, except for FVC and FEV1, which was not statistically significant. These results may be due to weight loss and glycemic control does not interfere in the pulmonary function alteration already installed. However, such control may allow the non-progression of this structural pulmonary dysfunction.
Surgical procedures interfere with pulmonary mechanics and tend to develop restrictive ventilatory changes, with FEV 1 and FVC reduction, which may reach a value of approximately 40 to 50% of the preoperative value and remaining reduced for at least one to two weeks. In most abdominal surgical procedures, these instabilities peak on the first postoperative day when the respiratory system becomes more vulnerable to postoperative pulmonary complications [24 -26] . These alterations occur especially in operations in the upper abdomen and are mainly determined by diaphragmatic dysfunction, activated by surgical stimulation [27] .
Several possibilities have been suggested to explain pulmonary volume decrease in abdominal surgery: pain, anesthesia, surgery time, surgical trauma, and others. However, nowadays, it is most accepted that this decrease is caused by diaphragmatic paresis, a reflex diaphragm inhibition consequence [28] . Sex is the single most important determinant of pulmonary function, accounting for 30% of its variation. In one study, the authors observed that in life-sustaining maneuvers women have a more thoracic ventilatory pattern than men, and that in men over 50 the ventilatory pattern becomes less thoracic. In the postoperative period, ventilation becomes more thoracic and less abdominal, mainly due to diaphragmatic dysfunction. This fact places women in greater advantage [29] .
The pulmonary dysfunction detection by the physiotherapist can help in the surgical risk stratification [30] . So, it is important a multiprofessional follow-up in diabetic patient preparation who undergoes any abdominal surgery because, due to basic disease, can present previous pulmonary alterations, such as: decreased pulmonary function and respiratory muscle strength thus having a greater propensity for postoperative complications.
Conclusion
Despite being a limited study due to the relatively small sample, it was demonstrated that women with type 2 DM undergoing metabolic surgery without gastric resection showed increased spirometric values two years after the surgical procedure, when compared to preoperative period values. There is a need for additional studies in this area to further clarify the pulmonary involvement of patients with type 2 DM submitted to metabolic surgery without gastric resection.
